jected intraperitoneally in doses of 0.25, 0.50, or 0.75% of body weight. Saline was used for the controls. Blood alcohol levels were measured by a colorimetric micro procedure (Determatube C-ALC; Worthington Biochemical Corp.) and expressed as per cent blood alcohol (grams of alcohol/100 ml of blood) based on the average value in ten mice.
Pneumococcal strains. The strains used have been fully described (19) . The pertinent characteristics of these strains are presented in Table 1 .
Growth media and conditions. Fluid cultures were grown in freshly prepared beef heart infusion broth (1 lb. of fresh beef heart per liter of water) containing 1% Neopeptone (Difco Laboratories, Inc., Detroit, Mich.) and adjusted topH 7.6 to 7.8. (BHI). Stock cultures were grown in BHI containing 5% fresh defibrinated rabbit blood. Cultures for animal inoculation were grown at 37 C for 8 to 16 hr in BHI containing 10% human serum. Trypticase Soy Agar (BBL, adjusted to pH 7.8) with 5% sterile citrated horse blood and with streptomycin or erythromycin or both was used for selection of parental and transformed bacteria. Dilutions were made with Trypticase Soy Broth (BBL).
Cultures were concentrated by ceatrifugation at 1,500 X g for 1 hr at 4 C and resuspension in BHI.
Estimation of bacteria in murine tissues. Lungs were removed aseptically and homogenized in 2 ml of Trypticase Soy Broth with a sterile mortar and pestle. Dilutions of the homogenate were distributed over the surfaces of blood agar plates with a spreader. Sectors of selective blood agar plates were also streaked with 0.01 ml of cardiac blood. All plates were incubated for 24 to 48 hr at 37 C.
Intranasal inoculation of mice. Approximately 0.04 ml of bacterial suspension was dropped from a 27-gauge needle onto the nose of each mouse (anesthetized by ether) to permit inhalation.
Aerosol inoculation of mice. A modification of the aerosol apparatus of Schulman and Kilbourne (22) was constructed to achieve an airborne infection of the murine lung (Fig. 1) . Mercuric chloride in 70% ethanol (1:100, wt/v) was placed in the gas washing bottles as a disinfectant. Mice were exposed to aerosols of varying concentrations of pneumococci for 20 min. To determine the dose administered, air in the exposure chamber was sampled with an impinger type of sampling device during the last 2 min of aerosolization.
Pulmonary clearance of pneumococci. The term clearance is used to express loss of viable organisms from the lung. The bacteria may have been either killed or removed from the respiratory tract. Exposure of mice to an aerosol of pneumococci resulted in the deposition of approximately 105-3 colony-forming units (CFU) per lung when concentrated suspensions of strains R36NC, IIIS-IR6, and CD-VII-Smr were nebulized. Because the large amount of capsular material enveloping cells of strain IIIS-A/66 prevented efficient concentration, only 10451 CFU per lung of this strain could be deposited.
After exposure to the aerosol, mice were injected intraperitoneally either with saline or with 10% ethanol. At intervals, eight or more mice were sacrificed, and the number of viable bacteria per lung was determined.
Transformation system. Two combinations of pneumococcal strains were used: R36NCeryr with CD-VII-Smr and R36NCSmr with IIIS-1R6. Transformants in the former system were CD-III-Smreryr, and transformants in the latter were IIIS-R36NCSmr ( intact lungs were removed, covered with serum broth (with or without deoxyribonuclease), and incubated at 37 C for 12 hr. The lungs were ground with mortar and pestle and assayed for transformants as described.
RESULTS
Aerosol apparatus. The aerosol apparatus used in these experiments was extremely efficient. Figure 2 illustrates the reproducibility of the airborne inoculum. Each point represents an individual experiment in which 10 mice were exposed to an aerosol, sacrificed, and assayed for pneumococci deposited in their lungs. Samples of nebulizer fluid and sampler fluid were also assayed. There is a linear increase in the number of bacteria in the air (reflected by sampler assay) and in the lungs in response to increasing concentrations of bacteria in the nebulizer. In different bacterial strains were done within 48 hr of the alcohol injection ( Fig. 6 and 7) .
The clearance of bacteria from the lungs of control animals (injected with saline) varied with the virulence of the infecting Pneumococcus (Fig. 7) . The avirulent unencapsulated R36NC strain was cleared rapidly, whereas the encapsulated IIIS-1R6 was cleared more slowly. Pulmonary clearance of CD_VII-Smr, a strain of somewhat greater virulence than IIIS-1R6, was still slower. Forty-eight hours after infection CD_VII-Smr pneumococci could still be cultured from the lungs of approximately half the mice. Bacteria of the fully virulent strain IIIS-A/66 were partially cleared during the first 4 hr after aerosol infection, but thereafter replication resumed.
During the first 4 hr after administration, the ethanol inhibited the pulmonary clearance of all four of the pneumococcal strains studied; thereafter, it had no demonstrable effect (Fig 6 and  7) . (body weight).
The ethanol also affected both the initiation and the progression of the double pneumococcal infections produced in the transformation studies. The resulting bacteremias are compared in Table 2 .
Occurrence of intrapulmonary transformations in the presence and absence of ethanol. Mice were inoculated intranasally with 107.8 CFU of R36NCeryr followed by exposure to an aerosol which deposited 10'1 CFU of CD-VII-Smr in the lungs. The animals were then injected intraperitoneally with either saline or ethanol. Heart blood and lungs were cultured at various intervals thereafter for both parental and transformed pneumococci. Ethanol increased the incidence of detectable transformation from 9 to 30% ( 4 hr, difference between ethaniol and saline-treated mice is significant: t test, P < 0.05). double infection (both strains) and deoxyribonuclease. In the single infections, no recombinants were cultured from the blood or lungs (Table 3) .
In the double infections, deoxyribonuclease was administered by the combined in vivo-in vitro method described under Materials and Methods. It significantly lowered the incidence of intrapulmonary transformations ( Table 4) . The lung tissue which was incubated in vitro appeared to be a rich medium for growth of pneumococci; this closed system may have allowed increased mixing of bacteria and, hence, an exceptionally high incidence of transformation in the preparations without deoxyribonuclease. DISCUSSION The inhibitory effect of alcohol on the pulmonary clearance of pneumococci, observed in these studies, has been reported with Staphylococcus aureus, S. albus, and Proteus mirabilis (6, 7, 13) .
The mechanisms by which alcohol depresses resistance to bacterial infection are only partially (6) 91 (27) /I The incidence of bacteremia in intoxicated mice was significantly greater than in saline controls 24 hr after infection (X2 test, P < 0.001).
b At least 1 colony-forming unit/0.01 ml of heart blood at 24 hr after infection. c Numbers in parentheses equal number of mice from the lungs of which transformant bacteria were isolated.
understood. Inhibition of the vascular inflammatory response, resulting in decreased mobilization of phagocytic cells, has been repeatedly reported (2, 9, 14, 20) . The results of studies on b The difference between experimental and control data is significant (X2 test, P < 0.001). hence, the number of times a given transformant had divided were unknown. Since treatment with deoxyribonuclease virtually eliminated recombinants and no recombinants were isolated in control experiments with single strains, it was concluded that the observed transformations were DNA-mediated and not the result of spontaneous mutations.
The frequency of transformation in the murine lung varied with different pneumococcal strains, as previously observed in the peritoneal cavity (19) . Transformation of CD-VII-Smr, for example, was more common than transformation of IIIS-1R6. Frequency of transformation seemed to depend on the nature of the pulmonary infection produced; i.e., strain CD-VII-Smr caused a more prolonged infection than strain IIIS-1R6 (Fig. 7) . The relative competence of the two strains was not studied, but it, too, may affect the frequency of transformation in vivo (24) .
Studies on the effect of viral infections (5, 11) on intrapulmonary transformation would be of interest because some viral infections, like alcoholic intoxication (3, 15, 21, 25) , lower resistance to bacterial pneumonia in man as well as in rodents and, therefore, may enhance in vivo transformations (4, 10, 17, 19) .
